Background: Previous researchers have shown that non-medical endoscopists can perform lower gastrointestinal endoscopy as safely and effectively as medical staff. However, it is not known if upper gastrointestinal endoscopy performed by medical and non-medical endoscopists in clinical practice yields similar results in terms of performance, patient discomfort, and satisfaction. Aim: To determine differences in the yield of diagnosis for significant disease during upper gastrointestinal endoscopy performed by nurse and medical endoscopists and to measure patient discomfort, satisfaction, and attitudes towards future endoscopy.
U
pper gastrointestinal endoscopy is one of the commonest invasive procedures performed in the Western world. Studies indicate that approximately 1% of the UK population underwent gastroscopy annually during the late 1980s, 1 and the proportion undergoing this procedure has been rising steadily since then. As a result of technological advances, changes in work practices, and in instrument processing procedures, contemporary endoscopy services have become expensive to maintain. Equipment and labour costs are responsible for the majority of endoscopy expenditure, with labour estimated to account for almost 40% of costs. 2 Allied to comprehensive changes in junior doctor's working hours and conditions 3 and the expanding need for endoscopy, many believe that endoscopy services are under increasing strain. 4 5 The British Society of Gastroenterology has suggested that one means of meeting this increased demand is to train non-medical staff to carry out routine upper gastrointestinal endoscopy. However, it is not known if upper gastrointestinal endoscopy performed by medical and non-medical endoscopists in clinical practice yields similar results in terms of performance (intubation rate, diagnostic yield, complications) or patient discomfort and satisfaction. The aims of this study were to address these issues and to measure patient attitudes towards future sedation.
SUBJECTS AND METHODS
The first part of this clinical outcomes study was a retrospective database (Endoscribe) analysis of routine diagnostic endoscopies to determine the indications and diagnoses for procedures performed by medical and nurse endoscopists. The study included 3009 consecutive patients (mean age 58 years (range 18-100): 1609 females) attending a single unit at King's College Hospital, London, between April 2000 and December 2001. Fifteen surgical and medical gastroenterologists and two nurse endoscopists took part in the study. Patients under 18 years and those with incomplete data were excluded from the study. In addition, patients undergoing emergency endoscopy, those requiring a therapeutic procedure, and those attending the specialist hepatology service within the hospital were excluded as these patients were not expected to be routinely endoscoped by nurse endoscopists. The nurse endoscopists did perform routine diagnostic endoscopy on patients with a prior history of haematemesis or melaena, but only on those with no active symptoms or signs and who were not anaemic.
The aim of the second part of the study was to determine the association between endoscopist type and pre-procedure sedation, patient anxiety, discomfort during the procedure, satisfaction with the procedure, and attitudes towards future sedation. A total of 480 of the above patients (mean age 55 years (range 18-96): 273 female) were included in this prospective study. Seven surgical and medical gastroenterologists and both nurse endoscopists took part in the study. Patients completed a two part questionnaire, previously described and validated. [6] [7] [8] Anxiety and discomfort scores were assessed on a 10 point visual analogue scale (0, none; 10, unbearable). These studies were approved by the King's College Hospital Research Ethics Committee.
The nurse endoscopists were employed and indemnified by King's College Hospital NHS Trust. Both underwent a period of training on practical, theoretical, medico-legal, and ethical aspects of gastroscopy under the guidance of a consultant supervisor and each had performed in excess of 150 supervised upper gastrointestinal endoscopies before the study commenced. Consent was obtained from the patient by the endoscopist who performed the procedure and sedation use was determined by individual patient preference. Medical personnel administered all medications as the British Society of Gastroenterology does not currently recommend that nurses administer sedation. 9 A medical endoscopist was in the vicinity of the endoscopy department at all times to prescribe and administer sedation, to provide endoscopic advice as necessary, and in case of complications. Further follow up was at the discretion of the endoscopist who performed the procedure.
Statistical analysis
Continuous data are expressed as means (SD) and differences between means were assessed using the Student's t test. Differences between proportions were assessed with the χ 2 test or Fisher's exact test, as appropriate. Linear regression analysis with backward elimination of non-significant variables was performed to determine factors independently associated with continuous data such as patient discomfort during endoscope insertion and during the examination. Logistic regression analysis with backward elimination of variables was used to identify factors associated with binary categorical data such as the presence or absence of significant disease and preference for future sedation. All analyses were performed using the Statistical Package for the Social Sciences (SPSS, Chicago, Illinois, USA).
RESULTS

Indications and diagnoses
No patient refused endoscopy by either a nurse or medical endoscopist. The clinical features and endoscopic findings of both patient groups are shown in table 1. There were statistically significant but small differences between endoscopist type and patient age and patient sex. There were no complications in either group and intubation was unsuccessful in 25 cases. Nurses reported fewer endoscopies as "normal" and performed fewer rapid urease tests than medical endoscopists. Table 2 shows factors associated with the presence of significant disease at endoscopy. Male sex, older age, inpatient status, dysphagia, and gastrointestinal bleeding were all associated with the presence of significant disease. In contrast, anaemia was negatively associated with significant endoscopic disease, perhaps because many of these procedures were performed on patients requiring duodenal biopsies to confirm or rule out coeliac disease. Endoscopist type was not associated with finding significant disease and this variable was excluded from the multivariate regression model. Apprehension, sedation, discomfort, and satisfaction Table 3 shows the relationship between endoscopist type and clinical features, pre-endoscopic features, discomfort, and postprocedure patient attitudes in the 480 patients included in the prospective study. Patients in both groups were well matched for age, sex, previous endoscopic experience, pre-procedure fasting, pre-procedure apprehension, and sedation wishes. Patients endoscoped by medical staff under sedation received a mean of 4.9 mg midazolam (SD 2.1) and those endoscoped by nurses a mean of 4.4 mg (SD 1.1) (p=0.06). There were no differences in post-procedure attitudes in those patients examined by medical or nurse endoscopists. Linear regression analysis showed that discomfort during endoscope insertion was associated with unsedated endoscopy, female sex, and pre-endoscopic apprehension, and was inversely related to patient age (table 4) . Discomfort during the subsequent procedure was also associated with unsedated endoscopy, female sex, and age. Binary logistic regression analysis showed that older patient age and sedation were the only factors independently associated with rating the examination as better than expected (table 5) .
DISCUSSION
The concept of the nurse practitioner originated in the 1960s in America, 10 and it was envisaged that "advanced nurses" would be trained in patient interviewing techniques, physical examination, diagnosis, and therapeutics. 11 Over the past 35 years their role has grown to include many areas of primary, secondary, and tertiary health care. 12 13 Nurse practitioners first began performing endoscopic procedures in the early 1970s, 14 and their role expanded following recommendations from American health care organisations that average risk subjects be regularly screened for colorectal cancer using flexible sigmoidoscopy. 15 16 Subsequent studies indicated that non-medical endoscopists could learn the range of technical and diagnostic skills needed to perform flexible sigmoidoscopy as safely, effectively, and with similar patient discomfort as gastroenterologists and surgeons. 4 17-20 As a result, the British Society of Gastroenterology and the American Society for Gastrointestinal Endoscopy both support nurses performing sigmoidoscopy. 9 21 Some nurses also perform full colonoscopy in the UK 22 and America, 23 and preliminary studies show that they carry out both diagnostic and therapeutic procedures safely, effectively, and with adequate caecal and ileal intubation rates. 24 25 The nurse practitioner grade has developed rapidly over the past 10 years in the UK 26 to encompass upper gastrointestinal endoscopy, and recent surveys suggest that there are over 60 nurse endoscopists performing upper gastrointestinal examinations in the UK. 22 However, there have been no data available with which to evaluate their clinical performance or assess patient satisfaction with examinations performed by them. The nurse endoscopists in our study experienced no particular technical problems during routine gastroscopy for a variety of clinical indications and failure rates were similar in both nursing and medical groups. In addition, the range of endoscopic diseases encountered in their clinical practice was similar to that seen by medical staff. Nevertheless, it cannot be assured that nurse or medical endoscopists did not miss some abnormalities during the study period. Discomfort and satisfaction scores were also similar in groups examined by nursing and medical staff and our findings are comparable with similar flexible sigmoidoscopy outcome studies. 18 20 The nurse endoscopists in our study were experienced in upper gastrointestinal examinations and had received training both within the unit and on approved courses outside the Trust. In addition to performing the procedure, they discussed the benefits and risks of the examination with patients, obtained informed consent, completed endoscopy reports, discussed diagnoses, provided further advice, and arranged follow up clinic visits as necessary. However, they did not administer sedation, which somewhat compromises the cost effectiveness of nurse endoscopy, especially if performed in single examination room units. Yet studies show that nurses can safely prescribe and administer conscious sedation independently of medical staff 27 28 and the introduction of structured upper gastrointestinal endoscopy programmes which contain sedation modules, such as the course allied to the University of Hull (ENB A87), may resolve this problem. In addition, by study design and British Society of Gastroenterology guideline constraints, our nurses did not perform any endoscopic interventions other than take biopsies for histological analysis or rapid urease testing. However, some nurse endoscopists do perform oesophageal dilatation and stent insertion, variceal injection and banding, ulcer injection, and percutaneous endoscopic gastrostomy tube placement. 23 24 29 There is no ad priori reason why properly trained non-medical staff should not perform certain procedures with the same competence as medical staff, and it is clear that the nurse endoscopist role has not yet been fully defined by interested nursing and medical bodies.
There are limitations to the validity of this clinical observational study. The first part utilised an endoscopic database and is therefore subject to potential referral and selection biases. 30 In addition, 15 physicians and surgeons were involved in performing endoscopic procedures during the 20 month study period, reflecting day to day clinical practice in a busy endoscopy unit. It is probable that there were at least some variations in performance between the different medical endoscopists who performed a total of 1522 routine procedures in total, compared with the nursing staff who performed a relatively higher volume over the study period. However, as a group there were few differences between the medical and nursing staff employed in this study. Finally, although the discomfort and satisfaction component of this study was performed in a prospective manner, patients were not formally randomised but rather allocated to routine endoscopy lists as they presented to the unit. Thus although the two groups in our prospective study were well matched, we cannot be certain that our results were not biased in some way. In spite of these limitations, our clinical outcomes study does provide useful information on the effectiveness of day to day clinical practice within a contemporary endoscopic unit that could not be extrapolated from tightly structured controlled trials. Our results suggest that experienced nurse endoscopists can perform upper gastrointestinal endoscopy safely and effectively and that there are few differences between medical and nurse endoscopists with regard to certain performance measures such as intubation rates, diagnoses, discomfort scores, and satisfaction ratings following the procedure. 
